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s 

^/ leep terminology, recording techniques, and 
sleep stage scoring are defined by a set of rules discussed 
and accepted by experienced sleep specialists in 1968. 1 
Such standardized assessment of normal sleep in adults 
allows the description of the temporal organization of 
sleep — its macrostructure — based on successive epochs 
of conventional length. This approach, however, pays less 
attention to the electroencephalographic (EEG) features 
and phasic phenomena occurring in the course of sleep, 
which do not belong to the time dimension of the con- 
ventional 20- to 30-s scoring epoch. These phenomena, 
which occur during well-defined sleep stages, constitute 
the microstructure of sleep, and provide important addi- 
tional data in the evaluation of both normal and patho- 
logical sleep processes. In fact, phasic events appear to 
regulate the alternation between stationary sleep stages. 
For instance, sleep is very rich in arousals of different 
degrees, and these arousals lead to sleep stage transitions, 
which, in turn, determine the organization of sleep cycles 
and the balance between the various stages of sleep. Thus, 
sleep microstructure provides evidence of some impor- 
tant dynamic characteristics of the sleep process, which 
are not reflected by macrostructural evaluation. 
Therefore, it clearly appears that both the macrostructure 
and the microstructure of sleep are valuable physiologi- 
cally and clinically. Traditional stage scoring of 
polysomnographic records provides necessary descrip- 
tions of sleep macroarchitectural abnormalities in a vari- 
ety of psychiatric disorders. However, the relationships 
between sleep, sleep disorders, and psychiatric disorders 
are quite complex. Psychiatric patients often complain 
about their sleep, and they may show sleep abnormalities 
that increase with the severity of their illness. Also, psy- 
chiatric disorders can be associated with sleep disorders, 
and most often with insomnia. Therefore, the purpose of 
this paper is to consider whether analysis of sleep 



Macrostructure describes the temporal organization of 
sleep based on successive epochs of conventional length, 
while microstructure, which is analyzed on the basis of 
the scoring of phasic events, provides additional impor- 
tant dynamic characteristics in the evaluation of both 
normal and pathological sleep processes. Relationships 
between sleep, sleep disorders, and psychiatric disorders 
are quite complex, and it clearly appears that both the 
macrostructure and the microstructure of sleep are valu- 
able physiologically and clinically. Psychiatric patients 
often complain about their sleep, and they may show 
sleep abnormalities that increase with the severity of 
their illness. Changes in the occurrence and frequency of 
phasic events during sleep may be associated with spe- 
cific psychiatric disorders, and may provide valuable 
information for both diagnosis and prognosis of these 
disorders. 
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microstructure can provide an additional significant con- 
tribution to the understanding of the relationships 
between sleep and psychiatric disorders. 

Sleep and psychiatric disorders 

One of the most fundamental aspects of sleep research is 
to clarifying what normal sleep is and determining how 
to quantify sleep disturbance. Existing standards for 
macrostructure indices, such as amount of sleep, sleep 
efficiency, sleep latency, time spent in each sleep stage, 
and so on, must take into account large interindividual 
variability and large age differences. For microstructure 
descriptors, the uncertainty is even larger and normative 
data are still lacking, especially for the appreciation of 
normal interindividual variability. 
Changes in sleep and sleep patterns are often seen with 
any type of physical or mental impairment. However, 
classical quantitative measures of sleep, derived from 
polysomnographic recording, are sometimes insufficient 
to detect sleep abnormalities in patients suffering from 
psychiatric disorders. Between 50% and 80% of psychi- 
atric patients complain of sleep disturbances during the 
acute phase of their illness. 2 Even when macrostructure 
of sleep appears to be normal, there still can be signifi- 
cant modifications in sleep microstructure as expressed 
by the arousal-related phasic events. 3 
Epidemiological study results show that, in people com- 
plaining of insomnia, almost two thirds can exhibit psy- 
chiatric symptoms or develop them within 1 year. 4 
Insomnia is a diagnostic criterion or a clinical feature of 
several psychiatric disorders. 5 A large analysis of studies 
of sleep pattern characteristics of psychiatric disorders 
documented the ubiquity of insomnia among patients 
with mood disorders, alcoholism, anxiety disorders, bor- 
derline personality disorder, schizophrenia, and demen- 
tia. 6 Among the effects, sleep continuity disturbances 
were the most prevalent. 

Results obtained in epidemiological, cross-sectional, and 
longitudinal studies suggest a high rate of comorbidity 
between sleep disturbance and psychopathology, and most 
specifically with insomnia, anxiety, and depression. 
Although there is a positive relationship between severity 
of sleep disturbances and concurrent psychopathology, 
unequivocal evidence of a cause-and-effect relationship is 
still lacking. 7 However, longitudinal data suggest that anx- 
iety and stressful life events often precede acute sleep dif- 
ficulties, whereas persistent insomnia may be a risk factor 



for subsequent development of depression. Complaints of 
2 weeks or more of insomnia nearly every day might be 
a useful marker of subsequent onset of major depression. 8 
Although more than 40% of subjects with sleep com- 
plaints had diagnosable psychiatric disorders, 49 it is unclear 
whether abnormal polysomnographic findings could be 
prevalent in subjects with sleep complaints and underly- 
ing psychiatric disorders. 10 

Phasic events: arousals 

The criteria given for arousal in sleep refer to a rapid 
shift towards more rapid frequencies preceded by at least 
10 s of continuous sleep. 11 In the American Sleep 
Disorders Association (ASDA) definition, arousals are 
basically considered as markers of sleep disorders. 11 
However, arousals are usual EEG features in normal 
sleep, 12 even though they are also clearly influenced by 
the environment of the sleeper. 13 The term "arousal" is 
often related to the concept of awakening, but in multi- 
ple cases, arousal is limited in length and amplitude, and 
it does not lead to the state of wakefulness (desynchro- 
nized, low amplitude, and fast EEG activities seen on all 
recording sites). 

Arousals, for instance, are important in the determination 
of the possible impact of sleep disturbance on daytime 
sleepiness. However, arousals vary in intensity and fre- 
quency during sleep. Bonnet 14 investigated three levels of 
arousal responses: full awakening requiring a verbal 
response; body movement; and transient EEG arousal. 
Daytime effects of recurrent pathological arousals could 
be related not only to the sleep stage transition from deep 
sleep to shallower sleep stages, but also to the difficulty in 
returning rapidly to these initial states. 15 
Minor arousals are almost always associated with auto- 
nomic changes that reflect the underlying sympathetic 
activation, such as heart rate, blood pressure, peripheral 
vasoconstriction, or skin responses. Transient activation 
phases are associated with EEG desynchronization, 
increased muscle activity, and autonomic changes. 16 These 
autonomic changes vary in amplitude depending on the 
intensity of the arousal, but they may occur in response 
to minor stimuli producing no visible cortical effect, and 
they are resistant to habituation. 1718 
Kupfer et al 19 showed that depressed patients had signif- 
icantly lower EEG power than control subjects in the 
delta band (0.5 to 2 Hz) and in a 4- to 10-Hz band 
(including theta and part of alpha activities) during the 
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first 100 min of the sleep period. Over the whole night, a 
significantly lower EEG power was found in the 
depressed patient group compared with the control 
group, but only in the delta activity. Previously, Borbely 
et al 20 suggested that it was intermittent wakefulness and 
microarousals in depressed patients that resulted in 
decreased delta amplitude. 

Increased phasic activity during rapid eye movement 
(REM) sleep, such as microarousals and body move- 
ments, has been also found in posttraumatic stress disor- 
der. 21 - 22 

Awakenings 

Among arousals, a specific place should be reserved for 
those large arousals that lead to awakenings. While awak- 
enings in normal subjects are relatively rare during the 
first sleep cycle, they appear to be more frequent in 
patients suffering from mental disorders. 23 However, in 
contrast to healthy subjects and patients suffering from 
chronic schizophrenia, episodes of wakefulness in the 
first sleep cycle do not increase the REM sleep latency 
in patients with major depression. 24 
Arousals constitute the basis for sleep fragmentation 
leading to daytime impairment. 25 Sleep continuity prob- 
lems are also quite a common complaint among patients 
with psychiatric disorders. 26 29 Objective laboratory find- 
ings indicate that sleep is shortened and fragmented (due 
to increased awakenings/arousals) in patients with 
mania, 27 generalized anxiety disorder, 2830 panic disorder, 26 
obsessive-compulsive disorder, 31 schizophrenia, 2931 post- 
traumatic stress disorder, 31 and borderline personality 
disorder. 31 

Many studies have reported increased number of awak- 
enings to be characteristic of posttraumatic stress disor- 
der. However, experimental studies have found reduced 
thresholds for awakening, and particularly arousal 
thresholds using neutral tones from stages 3 and 4. 32 
Nightmares (stereotyped anxiety dreams) are generally 
associated with psychopathology 33 and they are common 
in patients suffering from posttraumatic stress disor- 
der. 3435 These anxious awakenings are related to REM 
sleep, 21 but they can also be found in non-REM (NREM) 
sleep. 36 The sleep of schizophrenic patients is profoundly 
disturbed in the acute phase of the illness, and nightmares 
often precede this phase. 37 

Depressed patients show prevalent sleep continuity dis- 
turbances (eg, frequent and prolonged awakenings 



together with longer sleep latency and diminished total 
sleep time), although not specific to affective disorders. 3839 
In fact, depression in patients with complaints of sleep 
disturbance is more persistent or less likely to resolve. 40 
Sleep fragmentation, characterized by an increase in the 
number of nocturnal awakenings and time awake after 
sleep onset, is also a common sleep disturbance in patients 
with dementia of the type associated with Alzheimer's dis- 
ease. 41 In Alzheimer dementia patients living in a residen- 
tial care unit, it has been found that every hour of the night 
sleep was disturbed by wakefulness episodes and that 
every hour of daytime wakefulness was characterized by 
microsleeps. 42 Also, sleep maintenance problems, sec- 
ondary to psychiatric or medical disorders, may be more 
pronounced in elderly patients. This is mainly due to more 
fragmented sleep related to decreases in arousal threshold 
and sleep maintenance drive. 

Cyclic alternating pattern 

Another sleep microstructure phenomenon is the cyclic 
alternating pattern (CAP). 3 CAP is a periodic EEG activ- 
ity of NREM sleep, characterized by sequences of tran- 
sient electrocortical events that are distinct from back- 
ground EEG activity and recur at quite regular intervals. 
CAP is mainly composed of phase A (activation) and 
phase B (the quiet interval until the next phase A), and 
it is a sign of sleep instability often accompanied by sleep 
stage changes or awakenings. 3 The appearance of CAP 
sequences reflects arousal instability in a higher duration 
range than individual microarousals. In normal sleepers, 
CAP rate (percentage of CAP time in NREM sleep 
time) varies according to a U-shaped, age-related curve; 
the lower values are found in young adults, while the 
highest values are seen in elderly sleepers. 43 
CAP appears spontaneously, but also in association with 
identifiable sleep pathologies; its rate significantly 
increases in patients suffering from insomnia. In a study 
comparing a large number of untreated depressed patients 
with an age-matched, gender-balanced, controlled group, 44 
no major difference was found in terms of sleep efficiency 
(above 95% in both groups) or any other sleep 
macrostructure index. However, a significant increase in 
unstable sleep was found in depressed patients, as reflected 
by the rate of CAP (60% in patients and 35% in normal 
subjects). This case underlines the value of microstructural 
scoring performed in addition to the usual sleep evalua- 
tion via macrostructural analysis. 
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EEG patterns 

It is often discussed whether slow phasic EEG activities, 
such as K-complexes and delta bursts, can be considered 
as arousals, since they often are associated with clear acti- 
vation signs: heart rate acceleration, vasoconstriction, 
change in ventilation, and motor activation. 45 46 The same 
question may apply to another phasic EEG activity, 
which is not necessarily clearly associated with activation 
signs, called sleep spindles. 

Sleep spindles and K-complexes constitute EEG mark- 
ers of NREM sleep and particularly stage 2 sleep. Sleep 
spindles were first described by Hans Berger in 1933, 47 
but named by Loomis et al in 1935. 48 They are rhythmic 
12- to 14-Hz oscillations lasting from 0.5 to 3 s, while the 
K-complex is a phasic EEG waveform of approximately 
0.5 s, characterized by a well-delineated negative com- 
ponent followed by a positive deflection. K-complexes 
may be spontaneous or elicited by stimulation. 
While sleep spindles are often viewed as playing a sleep- 
protective role and contributing to sleep maintenance, 
the functional significance of K-complexes remains a 
matter of debate. In fact, K-complexes are considered to 
be elementary forms of arousal during slow-wave sleep 
(SWS). They carry characteristics of evoked potentials, 
which provide subattentive information processing. There 
has been a debate as to whether the appearance of a K- 
complex in response to a stimulus is indicative of a par- 
tial arousal process that leaves the central nervous sys- 
tem more likely to arouse if further stimulation occurs, 1249 
or whether it reflects a sleep maintenance process involv- 
ing a response to stimulation that would inhibit arousal 
and prevent the fragmentation of sleep. 50 - 51 The interrela- 
tionship between sleep spindles and K-complexes is not 
entirely clear, although they are often associated. 52 
There are reports of spindles and K-complexes varying 
together, for example, in the case of dementia where both 
spindles and K-complexes are reduced. 53 Spindle density 
has been reported to be drastically decreased in 
Alzheimer's disease. 54 Dysthymic patients have fewer K- 
complexes and arousals than controls, though they do 
exhibit a higher rate of nocturnal awakenings. 55 

Rapid eye movements 

REMs are controlled by a cholinergic-aminergic bal- 
ance. 56 They constitute a major event in the scoring of 
REM sleep, but their frequency or density can also be 



used to quantify the intensity of REM sleep process. 
According to Kupfer and Reynolds, 57 EEG sleep changes 
in depression include much more than shortened sleep 
latency. The frequency of REM, or REM density, is 
dependent on the subject's mood, and is higher in 
patients suffering from depression. 5859 REM density is 
also higher in dreams with strong emotional content 60 and 
after stressful situations. 61 However, due to its very large 
variability, it is questionable whether overall REM den- 
sity can be considered as a biological marker for affec- 
tive illness. 62 

REM density has been found to be increased in schizo- 
phrenia, 63 - 64 but, in contrast, in other reports, previously 
treated and drug-naive patients with schizophrenia were 
reported to show normal REM density. 62 - 65 67 
In a recent study, 68 borderline personality disorder patients 
were compared with patients with major depression and 
matched healthy control subjects. All patients fulfilled the 
International Classification of Diseases, 10th revision (ICD- 
10) criteria. 69 In both patient groups, REM density for the 
whole night, as well as REM density for the first REM 
period, was significantly increased compared with the con- 
trol group. Szuba et al 27 also found an increased REM den- 
sity in depressed patients, while other authors found sim- 
ilarly increased REM density during the first REM period 
in depressed patients. 7071 Psychotic patients with suicidal 
behavior tendencies had increased REM density during 
sleep. 72 

The sleep of posttraumatic stress disorder patients is 
characterized by increased REM density, 21 - 22 - 73 - 74 and the 
severity of this disorder is correlated with REM density. 22 
Polysomnographic recordings made in patients with 
Alzheimer's disease showed decreased REM density, and 
the gradual loss of this phasic activity is parallel to the 
progression of the illness. Similar findings have also been 
found with sleep spindles and K-complexes. 

Body movements 

Polysomnographic studies performed in patients with 
panic attacks show an increase in movements occurring 
during sleep, 75 - 76 and particularly large body movements 
in stages 1 and 2 sleep and REM sleep. 75 77 
Patients suffering from posttraumatic stress disorders 
show excessive body movements 78 and sudden awaken- 
ings during sleep, often related to dream content. 22 Panic 
awakenings generally occur from NREM sleep stages, 
and particularly during the transition between stage 2 to 
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SWS (stages 3 and 4). 77 Inman et al™ compared Vietnam 
veterans with posttraumatic stress disorder and patients 
with insomnia. While no differences between the two 
groups were observed in the severity of the insomnia, the 
posttraumatic stress disorder patients were more likely 
than the insomniacs to report restless legs in bed and 
excessive body movement during sleep. 

Conclusion 

It is obvious that polysomnography sleep recording and 
its derived macrostructure evaluation provide valuable 
information for detecting sleep abnormalities in patients 



Alteration de la microestructura del sueno 
en los trastornos psiquiatricos 

La macroestructura del sueno describe la organiza- 
tion temporal de este basada en las sucesivas eta- 
pas de duration conventional, mientras que la 
microestructura — que es analizada mediante el 
resultado de acontecimientos fasicos — aporta 
importantes caracterfsticas dinamicas en la evalua- 
tion de los procesos de sueno normal y sueno pato- 
logico. Las relaciones entre sueno, trastornos del 
sueno y trastornos psiquiatricos son bastante com- 
plejas y es claro que la macroestructura y la micro- 
estructura del sueno son de gran valor tanto a nivel 
fisiologico como clfnico. Los pacientes psiquiatricos 
a menudo se quejan de su sueno y ellos pueden 
presentar alteraciones del sueno que aumentan con 
la gravedad de su enfermedad. Los cambios en la 
ocurrencia y frecuencia de los acontecimientos fasi- 
cos durante el sueno pueden estar asociados con 
trastornos psiquiatricos especfficos y pueden apor- 
tar valiosa information tanto para el diagnostico 
como para el pronostico de estos trastornos. 



REFERENCES 

1. Rechtschaffen A, Kales A. A Manual of Standardized Terminology, Techniques 
and Scoring System of Sleep Stages of Human Subjects. Washington, DC: 
Washington Public Health Service, US Government Printing Office; 1968. 

2. Morin CM, Ware JC. Sleep and psychopathology. Appl Prevent Psychol . 
1996;5:211-224. 



suffering from psychiatric disorders. However, this 
macrostructural approach might in some cases be insuffi- 
cient and, therefore, it should be combined with a com- 
plementary microstructural analysis. Phasic events occur- 
ring during sleep have direct effects on sleep maintenance 
and sleep organization. Depending on their characteristics, 
they may lead to sleep disturbance, sleep fragmentation, 
or sleep interruption, while other phasic events play a 
more protective role in promoting sleep. Changes in occur- 
rence and frequency of these events during sleep may be 
associated with specific psychiatric disorders, and they may 
provide valuable information for both the diagnosis and 
the prognosis of these disorders. □ 



Alterations de la microstructure du sommeil 
dans les troubles psychiatriques 

L'approche macrostructurelle decrit /'organisation 
temporelle du sommeil sur la base d'epoques suc- 
cessives de duree fixee par convention, alors que 
l'approche microstructurelle est fondee sur la prise 
en compte des elements phasiques, qui apportent 
des caracteristiques dynamiques additionnelles 
importantes pour devaluation des processus de 
sommeil normaux ou pathologiques. Les relations 
entre le sommeil, les troubles du sommeil et les 
troubles psychiatriques sont assez complexes et il 
apparait clairement que la macrostructure et la 
microstructure du sommeil ont une valeur signifi- 
cative, aussi bien sur le plan physiologique que cli- 
nique. Les patients presentant des troubles psy- 
chiatriques se plaignent souvent de leur sommeil et 
ils peuvent presenter des anomalies du sommeil qui 
augmentent avec la severite de leur maladie. Des 
modifications dans la survenue et la frequence des 
evenements phasiques au cours du sommeil peu- 
vent etre associees avec des troubles psychiatriques 
specif iques et elles peuvent apporter une informa- 
tion importante aussi bien sur le plan du diagnos- 
tic que sur celui du pronostic de ces troubles. 



3. Terzano MG, Mancia D, Salati MR, Costani G, Decembrino A, Parrino L. 
The cyclic alternating pattern as a physiological component of normal 
NREM sleep. Sleep. 1985;8:137-145. 

4. Ford DE, Kamerow DB. Epidemiologic study of sleep disturbances and 
psychiatric disorders. JAMA. 1 989;262: 1 479-1 484. 

5. American Psychiatric Association. Diagnostic and Statistical Manual of Mental 
Disorders. 4th ed. Washington, DC: American Psychiatric Association; 1994. 



319 



Basic research 



6. Benca RM, Obermeyer WH, Thisted RA, Gillin JC. Sleep and psychiatric 
disorders. A meta-analysis. Arch Gen Psychiatry. 1992;49:651-668. 

7. Soldatos CR. Insomnia in relation to depression and anxiety: epidemio- 
logic consideration. J Psychosom Res. 1994;38:3-8. 

8. Breslau N, Roth T, Rosenthal L, Andreski P. Sleep disturbance and psychi- 
atric disorders. Biol Psychiatry. 1995;37:655-656. 

9. Mellinger GD, Baiter MB, Uhlenhuth EH. Insomnia and its treatment: 
prevalence and correlates. Arch Gen Psychiatry. 1985;42:225-232. 

10. Balan S, Spivak B, Mester R, Leibovitz A, Habot B, Weizman A. Psychiatric 
and polysomnographic evaluation of sleep disturbances. J Affect Disord. 
1998;49:27-30. 

11. American Sleep Disorders Association (ASDA). EEG arousals: scoring 
rules and examples. A preliminary report from the Sleep Disorders Atlas 
Task Force of the American Sleep Disorders Association. Sleep. 1992; 15: 
174-184. 

12. Halasz P. Arousals without awakening — dynamic aspect of sleep. Physiol 
Behav. 1993;54:795-802. 

13. Muzet A, EhrhartJ, Libert JP, SchieberJP. Characteristics of transient acti- 
vation phases in sleep and the influence of environmental factors. In: 
Terzano MG, Halasz PL, Declerck AC, eds. Phasic Events and Dynamic 
Organization of Sleep. New York, NY: Raven Press; 1991:121-125. 

14. Bonnet MH. Sleep restoration as a function of periodic awaken- 
ing, movement, or electroencephalographic change. Sleep. 1 987; 1 0: 
364-373. 

15. Muzet A, Naitoh P, Townsend RE, Johnson LC. Body movements dur- 
ing sleep as a predictor of stage change. Psychon So. 1972;29:7-10. 

16. Schieber JP, Muzet A, Ferriere PJ. Les phases d'activation transitoire 
spontanees au cours du sommeil normal chez I'homme. Arch Sci Physiol. 
1971;25:443-465. 

17. Johnson LC, Lubin A. The orienting reflex during waking and sleeping. 

Electroencephal Clin Neurophysiol. 1967;22:1 1-21 . 

18. Muzet A, Ehrhart J. Habituation of heart rate and finger pulse responses 
to noise in sleep. In: Noise as a Public Health Problem. Rockville, Md: American 
Speech-Language-Hearing Association; 1980:401-404. Report No. 10. 

19. Kupfer DJ, Frank E, Ehlers CL. EEG sleep in young depressives: first and 
second night effects. Biol Psychiatry. 1989;25:87-97. 

20. Borbely AA, Tobler I, Loepfe M, Kupfer DJ. All-night spectral analysis of 
the sleep EEG in untreated depressives and normal controls. Psychiatry Res. 
1984;12:27-33. 

21. Ross RJ, Ball WA, Dinges DF. Rapid eye movement sleep disturbance in 
post-traumatic stress disorder. Biol Psychiatry. 1994;35:195-202. 

22. Mellman TA, Kulick-Bell R, Ashlock LE, Nolan B. Sleep events among vet- 
erans with combat-related post-traumatic stress disorder. Am J Psychiatry. 
1995;152:110-115. 

23. Rotenberg VS. Sensitivity, neuroticism and sleep disturbances: some con- 
troversial problems. Waking Sleeping. 1980;4:271-279. 

24. Rotenberg VS, Shamir E, Barak Y, Indursky P, Kayumov L, Mark M. REM 
sleep latency and wakefulness in the first sleep cycle as markers of major 
depression. A controlled study vs schizophrenia and normal controls. Progr 
Neuropsychopharmacol Biol Psychiatr. 2002;26: 1 21 1-1215. 

25. Philip P, Stoohs R, Guilleminault C. Sleep fragmentation in normals: a 
model for sleepiness associated with upper airway resistance syndrome. 
Sleep. 1994;17:242-247. 

26. Arriaga F, Paiva T, Matos-Pires A. The sleep of non-depressed patients 
with panic disorder: a comparison with normal controls. Acta Psychiatr Scand. 
1996;93:191-194. 

27. Szuba MP, Fernando AT, Groh-Szuba G. Sleep abnormalities in treat- 
ment-resistant mood disorders. In: Amsterdam JD, Nierenberg AA, eds. 
Treatment Resistant Mood Disorders. Cambridge, UK: Cambridge University 
Press; 2001:96-110. 

28. Uhde TW. Anxiety disorders. In: Kryger MH, Roth T, Dement WC, eds. 

Principles and Practice of Sleep Medicine. New York, NY: WB Saunders; 
2000:1123-1139. 

29. Benson KL, Zarcone VP. Schizophrenia. In: Kryger MH, Roth T, Dement 
WC, eds. Principles and Practice of Sleep Medicine. New York, NY: WB Saunders; 
2000:1159-1167. 

30. Bourdet C, Goldenberg F. Insomnia in anxiety: sleep EEG changes. J 
Psychosom Res. 1994;38:93-104. 



31. Wooten VD, Buysse DJ. Sleep in psychiatric disorders. In: Chokroverty S, 
Daroff RB, eds. Sleep Disorders Medicine: Basic Sciences, Technical Considerations, 
and Clinical Aspects. Boston, Mass: Butterworth-Heinemann Medical; 
1999:573-586. 

32. Dagan Y, Lavie P, Bleich A. Elevated awakening thresholds in sleep stage 
3 to 4 in war-related post-traumatic stress disorder. Biol Psychiatry. 
1991;30:618-622. 

33. Kales A, Soldatos CR, Caldwell AB, et al. Nightmares: clinical character- 
istics and personality patterns. Am J Psychiatry. 1 980; 1 37: 1 1 97-1 201 . 

34. Mellman TA, Davis GC. Combat-related flashbacks in post-traumatic 
stress disorder: phenomenology and similarity to panic attacks. J Clin 
Psychiatry. 1985;46:379-382. 

35. Ross RJ, Ball WA, Sullivan KA, Caroff SN. Sleep disturbance as the hall- 
mark of posttraumatic stress disorder. Am J Psychiatry. 1989;146:697-706. 

36. Van der Kolk BA, Blitz P, Burr W. Nightmares and trauma: a comparison 
of nightmares after combat with lifelong nightmares in veterans. Am J 
Psychiatry. 1984;141:187-190. 

37. Zarcone VP, Benson KL. Sleep and schizophrenia. In: Kryger MH, Roth T, 
Dement WC, eds. Principles and Practice of Sleep Medicine. 2nd ed. 
Philadelphia, Pa: WB Saunders; 1994:914-926. 

38. Gillin JC, Zoltoski RK, Salin-Pascual R. Basic science of sleep. In: Kaplan 
HB, Sadock BJ, eds. Comprehensive Textbook of Psychiatry. 6th ed. Baltimore, 
Md: Williams & Wilkins; 1995:80-88. 

39. Benca RM. Sleep in psychiatric disorders. Neurol Clin. 1996;14:739-764. 

40. Kennedy GJ, Kelman HR, Thomas C. Persistence and remission of depres- 
sive symptoms in late life. Am J Psychiatry. 1991;148:174-178. 

41. Neylan TC, Reynolds III CF, Kupfer DJ. Sleep disorders. In: Hales RE, 
Yudofsky SC, eds. Textbook of Clinical Psychiatry. Washington, DC: American 
Psychiatric Publishing; 2003:975-1000. 

42. Jacobs D, Ancoli-lsrael S, Parker L, Kripke DF. Sleep and wake over 24- 
hours in a nursing home population. Sleep Res. 1 988; 17:191. 

43. Parrino L, Boselli M, Spaggiari MC, Smerieri A, Terzano MG. Cyclic alter- 
nating pattern (CAP) in normal sleep: polysomnographic parameters in dif- 
ferent age groups. Electroencephal Clin Neurophysiol. 1998;107:439-450. 

44. Farina B, Delia Marca G, Grochocinski VJ, et al. Microstructure of sleep 
in depressed patients according to the cyclic alternating pattern. J Affect 
Disord. 2003;77:227-235. 

45. Ferri R, Parrino A, Smerieri MG, et al. Cyclic alternating pattern and spec- 
tral analysis of heart rate variability during normal sleep. J Sleep Res. 
2000;9:13-18. 

46. Sforza E, Jouny C, IbanezV. Cardiac activation during arousal in humans: 
further evidence for hierarchy in the arousal response. Clin Neurophysiol. 
2000;111:1611-1619. 

47. Berger H. Uber das elektroenkephalogramm des menschen. Sechste 
Mitteilung Arch Psychiatr Nervenkr. 1933;99:555-574. 

48. Loomis AL, Harvey EN, Hobart G. Potential rhythms of the cerebral cor- 
tex during sleep. Science. 1935;81:597-598. 

49. Church MW, Johnson LC, Seales DM. Evoked K-complexes and cardiovas- 
cular responses to spindle-synchronous and spindle-asynchronous stimulus 
clicks during NREM sleep. Electroenceph Clin Neurophysiol. 1978;45:443-453. 

50. Roth M, Shaw J, Green J. The form, voltage distribution and physiolog- 
ical significance of the K-complex. Electroenceph Clin Neurophysiol. 1956;8:385- 
402. 

51. Wauquier A. K-complexes: are they signs of arousal or sleep protective? 
J Sleep Res. 1995;4:138-143. 

52. Naitoh P, Antony-Baas V, Muzet A, Ehrhart J. Dynamic relation of sleep 
spindles and K-complexes to spontaneous phasic arousal in sleeping human 
subjects. Sleep. 1982;5:58-72. 

53. Reynolds C, Kupfer D, Houck P. Reliable discrimination of elderly 
depressed and demented patients by electroencephalographic sleep data. 
Arch Gen Psychiatry. 1988;45:258-264. 

54. Montplaisir J, Petit D, Lorrain D, Gauthier S, Nielsen T. Sleep in 
Alzheimer's disease: further considerations on the role of brain-stem and 
forebrain cholinergic populations in sleep-wake mechanisms. Sleep. 
1995;18:145-148. 

55. Paiva T, Arriaga F, Rosa A, Leitao JN. Sleep phasic events in dysthymic 
patients: a com-parative study with normal controls. Physiol Behav. 
1991;54:819-824. 



320 



Sleep microstructure and psychiatric disorders - Muzet 



Dialogues in Clinical Neuroscience - Vol 7 ■ No. 4 • 2005 



56. Douglass AB, Tandon R, Shipley JE, Taylor S, Goodson J. REM density 
changes in schizophrenia due to biperiden. Biol Psychiatry. 1990;27:108. 

57. Kupfer DJ, Reynolds CF. Sleep and psychiatric disorders: a meta-analy- 
sis. Arch Gen Psychiatry. 1992;49:669-670. 

58. Kupfer DJ, Coble P, McPartland RJ, Ulrich RF. The application of EEG 
sleep for the differential diagnosis of affective disorders. Am J Psychiatry. 
1978;135:69-74. 

59. Pillar G, Malhotra A, Lavie P. Post-traumatic stress disorder and sleep — 
whata nightmare! Sleep Med Rev. 2000;4:183-200. 

60. Goodenough DR, Witkin HA, Koulack D, Cohen H. The effects of stress 
films on dream affect and on respiration and eye-movement activity dur- 
ing rapid-eye-movement sleep. Psychophysiol. 1975;12:313-320. 

61. Zarcone VP, Benson KL. Increased REM eye movement density in self- 
rated depression. Psychiatr Res. 1983;8:65-71. 

62. Benson KL, Zarcone VP. Rapid-eye-movement sleep in schizophrenia and 
depression. Arch Gen Psychiatr. 1993;50:474-482. 

63. Hudson J I, Lipinski JF, Keck PE, et al. Polysomnographic characteristics 
of schizophrenia in comparison with mania and depression. Biol Psychiatry. 
1993;34:191-193 

64. Keshavan MS, Reynolds CF, Ganguli R, Brar JS, Houck PR, Kupfer DJ. EEG 
sleep in familial subgroups of schizophrenia. Sleep Res. 1990;19:330. 

65. Lauer CJ, Schreiber W, Pollmacher T, Holsboer F, Krieg JC. Sleep in schiz- 
ophrenia: a polysomnographic study on drug-naive patients. 
Neuropsychopharmacol. 1 997; 1 6: 5 1 -60. 

66. Tandon R, Shipley JE, Taylor S, et al. Electroencephalographic sleep 
abnormalities in schizophrenia. Relationship to positive/negative symptoms 
and prior neuroleptic treatment. Arch Gen Psychiatry. 1992;49:185-194. 

67. Poulin J, Daoust AM, Forest G, Stip E, Godbout R. Sleep architecture and 
its clinical correlates in first episode and neuroleptic-naive patients with 
schizophrenia. Schizophrenia Res. 2003;62:147-153. 



68. Asaad T, Okasha T, Okasha A. Sleep EEG findings in ICD-10 borderline 
personality disorder in Egypt. J Affect Disord. 2002;71:1 1-18. 

69. World Health Organization. The ICD-10 Classification of Mental and 
Behavioral Disorders. Clinical descriptions and diagnostic guidelines. Geneva, 
Switzerland: World Health Organization; 1992. 

70. Cartwright RD. Sleeping problems. In: Costello CG, ed. Symptoms of 
Depression. New York, NY: Wiley-lnterscience; 1993. 

71. Kupfer DJ. Sleep research in depressive illness: clinical implications. A 
tasting menu. Biol Psychiatry. 1995;38:391-403. 

72. Keshavan MS, Reynolds CF, Montrose D, Miewald J, Downs C, Sabo EM. 
Sleep and suicidality in psychotic patients. Acta Psychiatr Scand. 1994;89:122- 
125. 

73. Mellman TA, Nolan B, Hebding J, Kulick-Bell R, Dominguez R. A 
polysomnographic comparison of veterans with combat-related PTSD, 
depressed men, and non-ill controls. Sleep. 1997;20:46-51. 

74. Ross RJ, Ball WA, Sanford LD, et al. Rapid eye movement sleep changes 
during the adaptation night in combat veterans with posttraumatic stress 
disorder. Biol Psychiatry. 1999;45:938-941. 

75. Uhde TW, Roy-Byrne PP, Gillin JC. The sleep of patients with panic dis- 
order: a preliminary report. Psychiatry Res. 1984;12:251-259. 

76. Haury PJ, Friedman M, Ravaris CL. Sleep in patients with spontaneous 
panic attacks. Sleep. 1989;12:323-337. 

77. Mellman TA, Uhde TW. Electroencephalographic sleep in panic disorder. 
Arch Gen Psychiatr. 1989;46:178-184. 

78. Lavie P, Hertz G. Increased sleep motility and respiration rates in com- 
bat neurotic patients. Biol Psychiatry. 1979;14:983-987. 

79. Inman DJ, Silver SM, Doghramji K. Sleep disturbance in post-traumatic 
stress disorder: a comparison with non-PTSD insomnia. J Traumat Stress. 
1990;3:429-437. 



321 



